The wheat seed used was stored at 4f 1 "C until required and before use was washed with approx. 2 litres of distilled water per lOOg of seed. The seeds were germinated in the dark on moist filter papers at 20"C+ 1°C.
was filtered through two layers of muslin, the retained material was washed with 20ml of extraction buffer 1 and then stirred for lOmin at 4"+1"C. All subsequent steps were carried out at this temperature. The filtered homogenate was centrifuged a t 4000g for 5min, the precipitate was discarded and a small volume of ~M-(NH,),SO, was added, sufficient t o make the supernatant 0 . 0 5~ with respect t o (NH4)$304. The supernatant was recentrifuged at lOOOOg for IOmin. The resulting supernatant was discarded. ice in a Braun homogenizer. The homogenate was filtered through one layer of muslin, washed with a small volume of extraction buffer 4 and the filtrate was centrifuged at 2000g for 1Omin at 4"+ 1°C. The supernatant was discarded, and the nuclei in the pellet were counted by using a Neubauer haemocytometer.
The protein content of the samples was measured by the procedure of Bramhall et al. (1969) and the DNA content was measured by the modified procedure of Burton (1 968).
The poly(ADP4bose) activity was investigated by the following assay. A 200pl sample in incubation buffer was taken; to this was added 20p1 of 0.1 M-dithiothreitol and the reaction started by the addition of 5pl of [3H]NAD (20mCi/pmol; 0 . 0 5 m~) . It was incubated for IOmin at 25°C and the reaction stopped by the addition of 2ml of 20% (w/v) trichloroacetic acid and the solution placed on ice for 30min. The solution was then filtered with a Millipore GF/C filter and washed with I % (w/v) trichloroacetic acid; thepaperwas thenplacedinasmall(50mmx 12mm)glass tubeanddriedat 100°C.
When dry, sufficient scintillant (0.5 %, w/v, 2,5-diphenyloxazole in toluene) t o cover the paper was added, and the whole was placed in a scintillation vial and counted for radioactivity.
The results showed that the amount of acid-insoluble ['HINAD incorporation in the non-germinated seeds was approximately double that of the nuclei isolated from roots of germinated seeds, taken with respect to both protein and DNA. The incorporation was markedly inhibited in both cases by nicotinamide. The acid-insoluble incorporation was shown t o be poly(ADP-ribose) by using t.1.c. and enzymic digestion (Whish et al., 1973) . The poly(ADP-ribose) was hydrolysed by snake-venom phosphodiesterase which gave rise t o the unique compound phosphoribosyl-AMP. The latter was characterized by further digestion with alkaline phosphatase to give ribosyladenosine. These compounds were identified by standard t.1.c. techniques. The chain length of the polymer was estimated at the same time by measuring the ratio of A M P counts t o total polymer counts. Several classes of cytotoxic agents are known to affect glycolysis in cells by lowering the cellular concentration of NAD. Early investigations showed that both alkylating agents (Roitt, 1956 ) and ionizing radiation (Maass et al., 1958) were capable of producing this effect, and subsequent research has largely been confined to these agents.
Most of the NAD turnover is confined to the cell nucleus; only 5% of the NAD synthesized is required to maintain the cellular pool during growth (Rechsteiner et al., 1976a,b) . The rest is needed to replace that degraded, presumably by the DNA-dependent chromosomal enzyme poly(ADP-ribose) polymerase.
We have investigated the relationship of this enzyme to the decrease in NAD after treatment with cytotoxic drugs. The activity of the enzyme increases twofold on treatment of Physarum polycephalum with the alkylating agent streptozotocin (Whish et al., 1975) . Inhibition of the enzyme has been shown to prevent the decrease in NAD caused by streptozotocin in mouse leukaemia cells (Davies et al., 1976) . We have now extended this study to y-radiation and have discovered another cytotoxic agent with an effect on cellular NAD concentrations.
Treatment of a suspension culture of mouse L1210 leukaemia cells with y-radiation causes an immediate decrease in cellular NAD, to a minimum after 15min. This fall is dose-dependent, with a half-maximal effect being produced by 3 krd. The NAD concentration returns to control values after about 8 h.
Neocarzinostatin is a polypeptide antitumour antibiotic of known sequence (Meienhofer et al., 1972) isolated from a variant of Streptomyces carzinostaticus (Ishida et al., 1965) . When L1210 suspension cells are treated with this agent the NAD concentration falls rapidly. A dose of 5pg/ml is sufficient to decrease the NAD to 20% of control; recovery of the NAD concentration is very slow and is not complete in 24h.
A 1 h pulse of the drug elicits the full effect.
Poly(ADP-ribose) polymerase is strongly inhibited by 5-methylnicotinamide and the methylxanthines (Davies et al., 1976) . The effects of both y-radiation and neocarzinostatin on cellular NAD can be inhibited by simultaneous treatment with 5-methylnicotinamide or theophylline. If these inhibitors are added after a pulse treatment with the agent, the NAD concentration returns to the control value more rapidly.
Neocarzinostatin is thought to act by single-strand cleavage of DNA (Beerman & Goldberg, 1974) . Both alkylating agents and ionizing radiation have major effects on DNA structure which can be demonstrated by alkaline sucrose gradients as singlestrand breaks. Cytotoxic agents which do not affect the structural integrity of DNA (to date we have only tested colchicine and 5-fluorodeoxyuridine) have been shown not to affect cellular NAD concentrations. Deoxyribonuclease has also been reported as stimulating the activity of poly(ADP-ribose) polymerase (Janakidevi & Koh, 1974; Miller, 1975) .
We propose that damage to DNA results in an increase in the flux through the poly(ADP4bose) polymerase system which, if acute, is sufficient to lower the cellular concentration of NAD. It is possible that this response is related to DNA repair.
